Jtag Applications and PCB debug by Balbi, Gabriele
Dott. Gabriele Balbi
balbi@bo.infn.it
Electronic Center INFN
1
Laboratory of electronic design (2° Module)
2017-18
2MAIN TOPICs of the COURSE (1/2)
How to build and design an electronic board, a bit of theory:
1. PCB issues and challenges for designers
2. JTAG standard
3. JTAG applications (Boundary Scan, Check of the interconnections, Programming of the devices, firmware Debug, ecc…)
4. JTAG and FPGAs
3Classroom demonstrations:
1. Boundary scan applied to unknown devices, drive a led (!)
2. Programming an FPGA device
3. Build our first project in ISE Xilinx Enviroment
4. Finite State Machines (all shapes and sizes)
5. Project simulations
6. Embedded Processors for FPGA
7. Kernel Linux on a FPGA
8. Arduino and its shields. An example: how to drive a FPGA with a WIFI connection in a few minutes.  
MAIN TOPICs of the COURSE (2/2)
DE-BUG
4
Designing
Board Layout 
(schematic, dimensioning of the power 
supplies, choice of active and passive 
components, impedance matching for fast 
nets, choice of FPGA’s banks, clock 
distribution, simulations of SI for the fast lines 
and PI power supplies, thermal simulations… 
…)
Firmware
(simulations and real data)  
CHIPSCOPE Xilinx,
Signal Tap Altera…5
Modelsim, 
Questasim…
Slow signal…
Long nets …
space, accessibility of the 
ICs…
EASY DEBUG
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Very short nets, high density connectors, 
unreachable pins, (i.e. BGA)
«Fast» signals
(high frequency
content)
Every net is a transmission line
(distributed RLC   signal
deformation)
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Simulations pre-layout e post-layout
(Orcad Pspice & HyperLynx)
Attention to details
for the PCB 
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ROD 
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Layout simulation
11
https://www.eeweb.com/toolbox/microstrip‐impedance
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U1 U2
TL1
Layout simulation
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Layout simulation
Simulations post-layout
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JTAG (Joint Action Test  Group)
In the mid-1980s a new way of debugging electronic components and cards was born.
IEEE 1149.1
Increasingly smaller and denser electronic boards make the classic 
test methods obsolete and impracticable.
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JTAG (Joint Action Test  Group)
TAP (4 serial lines )
1. TAP Port
2. Data registers
3. Instruction Register
4. TAP Controller
Ingredients:
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JTAG (Joint Action Test  Group)
TestModeSelect e 
TestCK
Several instructions:
• BYPASS
• EXTEST
• SAMPLE
• CONFIGURE
• IDCODE
• INTEST
• JPROGRAM
• …
Transitions between states
on the positive TCK edges
Moore FSM a 
16 stati
TAP Controller 18
Operations on registers
on the negative TCK 
edges
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JTAG (Joint Action Test  Group)
TDO tristate
Load instruction into the IR
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JTAG (Main operations)
• BYPASS -> Connects the TDI with the TDO via a register. In a long chain, it allows us to exclude 
programmable logic from operations that we are not interested in (Req.)
• EXTEST- Connects the BSR between TDI and TDO. The content of the BSR, previously loaded by 
the SAMPLE/PRELOAD instruction, drives the outputs. (Req.)
• SAMPLE/PRELOAD  -> connects the BSR between TDI and TDO (Req.)
• CONFIGURE
• IDCODE
• INTEST
• JPROGRAM
• …
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CPLD EPM7064
APEX20K200E
JTAG
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CPLD EPM7064
APEX20K200E
TDI
TDO
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Boundary Scan
EPM7064 APEX20K
TDI
TDO
TDI TDITDO
TDO
TCK
TMS
TCK
TMS
JTAG
At startup the 2 devices programmed for IDCODE
• Impact –batch
• setMode –bs
• setCable –port usb21 –baud 750000
• bsdebug –start
• bsdebug –scandr –drlength 70
082000DD|170640DD
SW8=0N SW9=0N
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Boundary Scan
Instructions Set
• IDCODE 00|0000|0110
• EXTEST 00|0000|1111
• SAMPLE‐PRELOAD 00|0000|0101
• BYPASS 11|1111|1111
• HIGHZ 00|0000|1111
APEX 20K EPM 7064
• IDCODE 00|0101|1001
• EXTEST 00|0000|0000
• SAMPLE‐PRELOAD 00|0101|0101
• BYPASS 11|1111|1111
IR SIZE  10bits IR SIZE  10bits
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TDO output on JTAG connector 
time
First Value
0 0 8 2 0 0 0 D D DD1 7 0 6 4  0
APEX20K200E (series 8) EPM 7064 (series 7)
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APEX20K200E (series 8)
EPM 7064 (series 7)
IR 10 bits
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Boundary Scan Cell
Es. Altera Device
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EPM 7064 (series 7)
VCC
LED
PIN 42
RP1
R6
HOW to turn off/on a LED (helloworld equivalent)
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• setMode ‐bs
• setCable ‐port usb21 ‐baud 750000
• bsdebug ‐start
• bsdebug ‐scanir 0001011001 ‐irlength 10 //scan IDCODE from EPM
• TDO Capture Data: 0101010101   //command ACK
• Elapsed time =      0 sec.    
• >bsdebug ‐scandr 1 ‐drlength 32
• TDO Capture Data: 00010111000001100100000011011101  //EPM idcode
• bsdebug ‐scandr 011011110 ‐drlength 9 //LOAD output to pin 42 and set as an output  (bits 185 and 184)   TURN ON LED
• bsdebug ‐scanir 0000000000 ‐irlength 10 //EXTEST COMMAND
• bsdebug ‐scandr 011011010 ‐drlength 9   //LOAD output to pin 42 and set as an output   TURN OFF LED
011 011 110
191‐190‐189
188‐187‐186
185‐184‐183
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Boundary Scan
JTAG
Escludo l’Apex20K
• Impact –batch
• setMode –bs
• setCable –port usb21 –baud 750000
• bsdebug –start
• bsdebug –scanir 0x3FF –irlength 10
SW9=0FF
SW8=0N
BYPASS
>bsdebug ‐scanir 0x0 ‐irlength 10
TDO Capture Data: 00000000000000000000000101010101
Elapsed time =      0 sec.
>bsdebug ‐scandr 0101010100000000000000000000000000 ‐drlength 48
TDO Capture Data: 
010110010010011010110010010011010000010010010010
Elapsed time =      0 sec.
>bsdebug ‐scandr 0101011100000000000000000000000000 ‐drlength 48
TDO Capture Data: 
010110110010010010110010010010010000010010011010
Elapsed time =      0 sec.
>bsdebug ‐scandr 0101010100000000000000000000000000 ‐drlength 48
TDO Capture Data: 
010110110010010010110010010010010000010010010010
Elapsed time =      0 sec.
EPM7064APEX20K
TDI
TDO
TDI TDITDO
TDO
TCK
TMS
TCK
TMS
EXTEST
LED OFF
LED ON
LED OFF
JTAG (Joint Action Test  Group)
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Are there shorts (CC) o open circuits (CA) on the nets?
JTAG (Joint Action Test  Group)
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EXTEST
Es. Altera Device
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EXTEST
Es. Altera Device
JTAG (Joint Action Test  Group)
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SAMPLE/
Preload
Es. Altera Device
JTAG (Joint Action Test  Group)
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SAMPLE
Es. Altera Device
/
Preload
JTAG (Joint Action Test  Group)
Online documentation
• https://www.altera.com/en_US/pdfs/literature/ds/archives/m7000.pdf
• ftp://ftp.altera.com/outgoing/download/bsdl/7064bl44.bsd
• https://www.altera.com/en_US/pdfs/literature/ds/archives/apex.pdf
• ftp://ftp.altera.com/outgoing/download/bsdl/20k200ef484.bsd
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JTAG (Joint Action Test  Group)
Programming FPGAs & PROMs
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Example 2
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JTAG (Joint Action Test  Group)c
Programming FPGAs & PROMs
Example 2
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JTAG (Joint Action Test  Group)c
Programming FPGAs & PROMs
Esempio 2
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JTAG (Joint Action Test  Group)
Programming FPGAs & PROMs
Example 3
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JTAG (Joint Action Test  Group)
Programming FPGAs & PROMs
ChipScope
Debug with Firmware
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ChipScope
Internal Logic Analyzer 
Icon
Up to 4096 signals and 128K samples*
*Are there enough resources?? 45
Internal Logic Analyzer ILA
BUS
BUS
0x00000000
0x00000000
0x00000000
0             1            2      …..  N‐3         N‐2       N‐1  
Trigger Position
Word = 0xCOFFEE? RUN
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Internal Logic Analyzer ILA
BUS
BUS
0x00000000
0x00000000
0x00000000
0             1            2      …..  N‐3         N‐2       N‐1  
Trigger Position
0x00000000
0x00000000
0x00000000
0x00C0FFEE
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
STOP
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